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HIGH TEMPERATURE STEEL TREATMENT 

The invention relates to the heat treatment of high 
temperature steels, and is particularly relevant to the heat 
treatment of stainless steels used in pyrolysis units and other 
high temperature reactors. The invention also relates to the 
pyrolysis of liquid and gaseous hydrocarbons, particularly to the 
pyrolysis of such materials to form olefins. 

Steels capable of withstanding the high temperatures commonly 
utilized in various industrial processes, such as the pyrolysis of 
various hydrocarbon materials, are well known. A problem common to 
a number of such processes is that of the formation of "coke" , a 
carbon- rich material which forms deposits on the surfaces defining 
the reaction zone and in downstream quench equipment. Coke 
represents a substantial deficit in operations, since it restricts 
flow and is a thermal insulator. Thus, as coke deposits on the 
reactor surfaces, higher and higher tube wall temperatures are 
required to sustain the reaction or process in operation. 

A common practice conducted in such operations is known as 
"de-coking". To carry out de-coking, process operations are 
periodically discontinued and the deposits are removed by various 
techniques, e.g. . by oxidation with a steam/air mixture. The 
required downtime results in substantial loss of operation or 
production, and much effort has been expended in attempts to extend 
the time between de- coking. 

Evidence exists that nickel and iron in the steels used for 
reactors promote coking in certain temperature ranges. A variety 
of techniques have been employed to overcome the presence of the 
nickel and iron, with varying results. Accordingly, a technique or 
equipment which might extend the time before de-coking is required 
and/or inhibit coking so that the process operations might be 
carried out at greater severities would have great economic value. 



Als , a pyrolysis process having th se characteristics would be of 
great importance. The invention is directed to such. 

Accordingly, in one embodiment, the invention relates to a 
process for heat treatment of an article of high temperature steel 
comprising heating the article to a temperature of at least 1800* F 
in the presence of hydrogen, methane, or methane forming 
hydrocarbons, an effective amount of hydrogen sulfide, and steam, 
for a time sufficient to produce a surface layer having a 
concentration of chromium greater than that of the interior of the 
article, the concentration of nickel of the outermost portion of 
said surface fayer being less than three percent by weight, based 
on the weight of the layer, the molar ratio of hydrogen to steam 
being from about 0.05 to about 5. Unless stated otherwise, all 
ratios given herein are molar ratios . 

In another embodiment, the invention is directed to an article 
of manufacture comprising an article or blank of high temperature 
steel, at least a portion of the article or blank comprising a 
surface layer having a concentration of chromium greater than the 
interior of the article, the concentration of nickel of the 
outermost portion of said surface layer being less than about 
three percent by weight, based on the weight of the layer, the 
layer being formed by heating at least a portion of the blank to a 
temperature of at least 1800'F in the presence of hydrogen, 
methane, or methane forming hydrocarbons, an effective amount of 
hydrogen sulfide, and steam, for a time sufficient to reduce the 
concentration of nickel of a surface layer of said article to less 
than three percent by weight, based on the weight of the layer, the 
ratio of hydrogen to steam being from about 0.05 to about 5. 
Alternately, the article may comprise a tube of high temperature 
steel, at least a portion of either the itmer or outer side of the 
tube comprising a surface layer having a concentration of chromium 
greater than that of the interior of the tube, the concentration of 
nickel of the outermost portion of said layer being less than three 
p rcent by w ight. and being f rmed by heating at least a portion 
of the inner r uter surface f the tube,to a temperature of at 



least 1800 # F in the presence of hydr gen, methane, or methane 
forming hydrocarbons, an effective amount of hydrogen sulfide, and 
steam for a time sufficient to reduce the concentration of nickel 
of at least a portion of said surface layer to less than three 
5 percent by weight, based on the weight of the layer, the ratio of 

hydrogen to steam being from 0.05 to 5. 

In another embodiment, the invention is directed to a process 
comprising 

a) pyrolyzing a liquid or gaseous hydrocarbon material in a high 
10 temperature steel pyrolysis reactor; 

b) discontinuing pyrolyzing said material, and de- coking the 
surface or surfaces which define the reaction zone of said reactor; 

c) discontinuing the de-coking of said surface or surfaces; and 

d) heating at least a portion of the surface of the wall or walls 
15 of high temperature steel which defines the reaction zone of said 

reactor to a temperature of at least 1800° F in the presence of 
hydrogen, steam, methane or methane forming hydrocarbons, and an 
effective amount of hydrogen sulfide, for a time sufficient to 
produce or provide a surface layer on said steel having a chromium 
20 concentration greater than that of the interior of the steel and a 

concentration of nickel in at least the outermost portion of said 
surface layer of less than three percent by weight, based on the 
weight of the layer, the ratio of hydrogen to steam being from 
0.05 to 5.0. 

25 The term "hydrogen", as used herein, includes the use of pure 

hydrogen as well as streams containing large amounts of other 
gaseous materials, provided that they do not interfere 
substantially with the nickel concentration reduction phenomena 
described herein or their interfering effect can be minimized. For 

30 example, the hydrogen may be supplied from streams commonly found 

in chemical operations or in refineries. The hydrogen (and steam) 
will be supplied in an amount sufficient to reduce the con- 
centration of nickel to the level mentioned. However, significant 
amounts of components that inhibit r pr vent the reduction of 

35 nickel c ncentration must be avoid d, except as describ d more 
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fully hereinafter. While applicants have no desire t be bound by 
any theory of invention, it is believed that the hydrogen and steam 
selectively oxidize the surface of the steel to provide a build up 
of chromium oxide, and there is also support for the migration of 
nickel and iron to the interior of the steel structure. 
Accordingly, the heat treatment is carried out in the substantial 
absence of materials which might maintain the presence of nickel in 
undesired concentrations at the surface in contact with reaction 
gases. In this regard, the presence of methane as a component of 
various streams has been found to maintain the nickel con- 
centration, and is deleterious to the treatment process of the 
invention. Thus, if significant quantities, that is, amounts of 
methane, or hydrocarbons which form methane under the conditions of 
the heat treatment described herein (methane forming hydrocarbons). 
15 are present which inhibit or interfere with the nickel con- 

centration reduction phenomena described herein, it has been 
discovered that the presence or addition of an effective amount of 
hydrogen sulfide overcomes or minimizes the effect of the methane, 
and provides the beneficial effects of the invention. As used 
herein, the term -effective amount", with respect to the amount of 
hydrogen sulfide utilized, is that amount which will counteract the 
effect of the methane to the extent desired. Preferably, the amount 
of hydrogen sulfide will range from about 100 ppm to about 500 ppm. 
based on the total volume of gas. assuming a methane content of 
0.01 to 10 percent, based on the total volume of gas. 

In a similar manner, the steam and hydrogen sulfide need not 
be pure, provided that compositions that prevent the increase of 
chromium concentration or the reduction of nickel concentration are 
avoided. Those skilled in the art may readily determine the 
suitability of a given stream for the process of the invention 
simply by testing it at appropriate temperatures. 

The heat treatment is carried out. as indicated, at a 
temperature of at least 1800«F. preferably 1900'F or 1925'F to 
about 2200T. Pressures are not critical, ranging from one 
35 atm sphere t one hundred atmosph r s. Similarly, volumes and 
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velocities of the gases employed are not critical, as will be 
understood by those skilled in the art, and will be adjusted 
depending on the need to maintain the appropriate temperature and 
gas composition. As indicated, the hydrogen to steam ratio will be 
5 maintained from 0.05 to 5, preferably 0.05 to 2. 

The heat treatment is carried out for a time sufficient to 
achieve the desired reduction of nickel concentration. This may be 
determined by experimentation, i.e., by treatment of the surface 
for a time and then analysis of the surface. In general, the 
10 treatment will be carried out for a period of from 2 hours to 24 

hours, preferably from 4 hours to 6 hours. 

The types of steels employed are those commonly used for high 
temperature purposes, i.e., 1500'F to 2200'F. Preferred steels are 
those commonly described as austenitic. but other steels may be 
15 employed. Suitable steels include cast or wrought heat resistant 

stainless steels such as HK-40 and Incoloy 800, and will generally 
include those steels having minimum nickel concentrations of about 
8 percent and chromium concentrations of at least 15 percent, all 
percentages based on the total weight of the steel. It has been 
20 determined that the heat treatment of the invention produces a 

layer strongly depleted in nickel and iron, relative to their 
content in the steel, i.e.. enriched in chromium, on the surface 
of the steel, the enriched layer being from about 1 to 5 microns or 
so in thickness. This effect occurs whether or not the steel is 
25 virgin metal or carburized metal. The layer will comprise an outer 

portion or "sub-layer" which is highly enriched in chromium, the 
chromium present substantially or substantially as chromium oxide 
(Cr,0 3 ) , and the chromium concentration decreasing in a gradient 
coward the interior of the steel, the sub-layer, which will be of 
30 at least 0.1 to 0.2 microns in thickness, having a nickel 

concentration of less than three percent by weight, as noted. 
Articles produced according to the invention have been determined 
to maintain low nickel concentrations on subsequent exposure to 
various atmosph res including steam/ hydr gen sulfide/m thane. 
35 However, articles mad according t the invention and subsequ ntly 
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heat treated at low r temperatures with hydrogen and steam increase 
nickel and iron concentrations near their surfaces. 

The particular manner of pyrolysis and the method of de- coking 
form no part of the invention, and may suitably be carried out by 
those skilled in the art. For example, those procedures, materials, 
and conditions described in U.S. patent 3.433.731 (Oliver) and U.S. 
patent 4,279,734 (Gwyn). incorporated herein by reference, may be 
used. 

The following experiments were performed. 

I. 

A coupon of HK-40. a high temperature stainless steel, was 
heated at about 1950° F in the presence of hydrogen, about 7 
percent by volume methane, and steam for a period of about four 
hours, the ratio of hydrogen to steam being about 50 to 1. The 
coupon was then maintained at 1950' F for about 16 hours, the ratio 
of hydrogen to steam being changed to about 0.67 during this time. 
A surface layer somewhat enriched in chromium oxide, but having 
only a slightly reduced content of nickel and iron, was produced. 

II. 

A coupon of HK-40 was heated for 24 hours at about 1950*F in 
the presence of a gas comprising steam and argon. The heat 
treatment was then maintained for another 24 hours, but the 
treating gas was changed to a mixture of a first gas comprising 56 
percent hydrogen, about 4 percent methane, about 200 ppm hydrogen 
25 sulfide, and about 39 to 40 percent argon, with a second gas 

comprising steam, the ratio of the first gas to steam being about 
0.67. A surface layer, enriched in chromium oxide, of about 1 to 2 
microns was produced, the layer being substantially depleted in 
nickel and iron (less than three percent by weight nickel in the 
upper 0.1 to 0.2 microns of the layer, based on the weight of the 

layer). 

In order to illustrate the pyrolysis aspect of the invention, 
the following illustrative embodiment is given. All values are 
exemplary or illustrative. 
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Accordingly, naphtha is pyrolyzed tinder suitable conditions 
until it is determined by measurement of pressure drop or outer 
tube wall temperature that excess coke is present on the tube 
surfaces of a conventional pyrolysis reactor. Alternatively, 
de- coking may be carried out as a regularly scheduled procedure in 
plant operation. Whatever the case, the reaction is discontinued, 
and the reactor is then de-coked according to standard procedure, 
e.g. , utilization of mixtures of steam and air to burn the coke 
off. De-coking is then stopped, and the heat treatment of the 

invention is begun. 

Preferably, the pyrolysis reactor is swept with a diluent gas, 
such as nitrogen or steam, and hydrogen is introduced. In the 
normal plant situation, a plant hydrogen stream containing 93 molar 
percent hydrogen, and 7 percent methane is provided. Steam is mixed 
with the hydrogen so that the inner surfaces of the tubes of the 
reactor are treated with a mixture of steam and hydrogen having a 
ratio of 1.7 parts steam to 1 part hydrogen (molar basis). About 
200 ppm of hydrogen sulfide is added to the mixture. By way of 
illustration, assuming a steam flow of 10,000 pounds per hour, 
about 1000 pounds per hour of plant hydrogen will be used. The 
temperature is maintained at about 1950'F, and the treatment is 
carried out for about 4 hours. At this point the flow of the 
steam-hydrogen mixture is stopped, and the pyrolysis reaction is 
resumed. 

Various changes and modifications may be made without 
departing from the spirit and scope of the invention, as will be 
apparent to those skilled in the art. 
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1. An article of manufacture comprising an article of high 
temperature steel, at least a portion of the article comprising a 
surface layer having a chromium concentration greater than that of 
the interior of the article, a portion of said layer outermost from 
the Interior having a concentration of nickel of less than about 
three percent by weight, based on the weight of the layer, the 
layer being formed by heating at least a portion of a blank of high 
temperature steel to a temperature of at least 1800* F in the 
presence of hydrogen, methane, an effective amount of hydrogen 
sulfide, and steam for a time sufficient to reduce the con- 
centration of nickel of a surface layer of said article to less 
than three percent by weight, based on the weight of the layer, the 
ratio of hydrogen to steam being from 0.05 to 5,0 . 

2. An article of manufacture comprising a tube of high 
temperature steel, at least a portion of the outer side of the tube 
comprising a surface layer having a concentration of chromium 
greater than the interior of the tube, the concentration of nickel 
of the outermost portion of said surface layer being less than 
about three percent by weight, based on the weight of the layer, 
the layer being formed by heating at least a portion of the outer 
surface of a tube of high temperature steel to a temperature of at 
least 1800*F in the presence of hydrogen, methane, an effective 
amount of hydrogen sulfide, and steam for a time sufficient to 
reduce the concentration of nickel of a surface layer of said tube 
to less than three percent by weight, based on the weight of the 
layer, the ratio of hydrogen to steam being from 0.05 to 5.0. 

3. An article of manufacture comprising a tube of high 
temperature steel, at least a portion of the inner side of the 
tube comprising a surface layer having a concentration of chromium 
greater than the interior of the tube, the concentration of nickel 

f the ut rmost p rti n f th surfac layer being less than about 
three percent by weight, based n the weight f th layer, the 



layer being formed by heating at least a portion of the inner 
surface of a tube of high temperature steel to a temperature of at 
least 1800* F in the presence of hydrogen and steam for a time 
sufficient to reduce the concentration of nickel of a surface layer 
of said tube to less than three percent by weight, based on the 
weight of the layer, the ratio of hydrogen to steam being from 0.05 
to 5.0. 

4. A process for heat treatment of an article of high 
temperature steel comprising 

heating said article to a temperature of at least 1800* F in 
the presence of hydrogen, methane, an effective amount of hydrogen 
sulfide, and steam, for a time sufficient to produce a surface 
layer having a concentration of of chromium greater than the 
interior of the article, the concentration of nickel of the outer- 
most portion of said surface layer being less than three percent by 
weight, based on the weight of the layer, the ratio of hydrogen to 
steam being from 0.05 to 5.0 . 

5 . An article of manufacture comprising a tube of high 
temperature steel, at least a portion of the outer side of the tube 
comprising a surface layer having a concentration of chromium 
greater than that of the interior of said tube, the concentration 
of nickel of the outermost portion of said layer being less than 
about three percent by weight, based on the weight of the layer, 
the layer being formed by heating at least a portion of the outer 
surface of a tube of high temperature steel to a temperature of 
at least 1800*F in the presence of a gas comprising hydrogen, 
methane, an effective amount of hydrogen sulfide, and steam for a 
time sufficient to reduce the concentration of nickel of a surface 
layer of said tube to less than three percent by weight, based on 
the weight of the layer, the ratio of hydrogen to steam being from 
0.05 to 5.0. 

6. An article of manufacture comprising a tube of high 
temperature steel, at least a portion of the inner side of the 
tube comprising a surface layer having a cone ntration f chr mium 
greater than the interi r f said tube, the c ncentrati n f nickel 
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of the utennost portion of said lay r being less than about 
three percent by weight, based on the weight of the layer, the 
layer being formed by heating at least a portion of the inner 
surface of a tube of high temperature steel to a temperature of at 

5 least 1800T in the presence of hydrogen, methane, an effective 

amount of hydrogen sulfide, and steam for a time sufficient to 
reduce the concentration of nickel of a surface layer of said cube 
to less than three percent by weight, based on the weight of the 
layer, the ratio of hydrogen to steam being from 0.05 to 5.0. 

10 7. A process comprising 

a) pyrolyzing a liquid or gaseous hydrocarbon material in a high 
temperature steel pyrolysis reactor; 

b) discontinuing pyrolyzing said material, and de-coking a 
surface or surfaces which define the reaction zone of said 

15 reactor; 

c) discontinuing the de-coking of said surface or surfaces; 

d) heating at least a portion of the surface of the wall or 
walls of high temperature steel which define the reaction zone of 
said reactor to a temperature of at least 1800'F in the presence of 

20 hydrogen, steam, methane or a methane forming hydrocarbon, and an 

effective ambunt of hydrogen sulfide, for a time sufficient to 
produce a surface layer on said wall or walls having a chromium 
concentration greater than that of the interior of said wall or 
walls and a concentration of nickel of at least the outermost 

25 portion of said surface layer of less than three percent by weight, 

based on the weight of the layer, the ratio of hydrogen to steam 
being from 0.5 to 5.0. 

8. The process of claim 7 wherein pyrolysis of the liquid or 
gaseous hydrocarbon is resumed after the heating of step d) . 
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